The liverworts contain various types of lipophilic terpenoids and aromatic compounds.
1 H-1 H correlated spectroscopy ( 1 H-1 H COSY) confirmed the presence of the partial segment, as shown in Fig. 1 . The long-range 1 H-13 C correlations were observed by the heteronuclear multiple bond correlation (HMBC) spectrum of 1, as shown in Fig. 1 . Consequently, the structure of 1 was clarified to be 4(15)-aromadendren-12,5-olide. The phase-sensitive nuclear Overhauser enhancement and exchange spectroscopy (PH-NOESY) spectrum of 1 showed NOEs between i) H-13 and H-6, H-7, ii) H-10 and H-8a, iii) H-14 and H-2a, and iv) H2a and H-3a. However, its PHNOESY spectrum did not provide clear information on the stereochemistry. X-Ray crystallographic analysis demonstrated the stereochemistry of 1 by its ORTEP drawing, as shown in Fig. 2 . Accordingly, the stereostructure of 1 was established to be 4(15)-aromadendren-12,5a-olide or its enantiomer.
The IR spectrum of compound 2 showed absorption as- Fig. 3 . The longrange 1 H- 13 C correlations in the HMBC spectrum (Fig. 4) showed the connectivity between i) an olefinic methyl at H-15Ј and a methylene at C-3Ј, and two olefinic carbons at C-4Ј and C-5Ј; ii) an oxygenated methine proton at H-6Ј and C-4Ј, and C-5Ј, a methine at C-1Ј; and iii) a methine proton at H-7Ј and a quaternary carbon at C-11Ј, and carbonyl carbon of glactone at C-12Ј. Thus one of the partial structures of 2 was clarified to be a guaianolide-type sesquiterpenoid. Additionally, part of the 1 H-NMR spectrum of 2 resembled that of compound 1, indicating the presence of an aromadendranetype as a partial structure. This assumption was verified to be the aromadendrane skeleton with a carboxylic acid at C-12 by the analysis of 1 H-1 H COSY, HMQC, and HMBC spectra, as shown in Fig. 4 .
Furthermore, long-range 1 H-13 C correlations (Fig. 4) were observed between: i) H-2 and C-11Ј; ii) H-3 and C-11Ј, C-12Ј, and C-13Ј; iii) H-7Ј and C-3; and iv) H-13Ј and C-11Ј, C-12Ј, respectively. Finally, the structure of 2 was revealed to be an aromadendrane-guaianolide-type sesquiterpene dimer. The analysis of the PHNOESY spectrum of methyl ester 5 showed NOE correlations between i) H-14 and H-2b, H-6, H-7, H-9a, H-9b, and H-13Ј; ii) H-13 and H-6, H-7, and H-15; iii) H-7 and H-8b; iv) H-8b and H-9a; v) H-3 and H-2a, H-2b, H-15, H-6Ј, and H-7Ј; vi) H-6Ј and H-3, H-7Ј, and H-15Ј; vii) H-7Ј and H-3, H-6Ј, and H-9Јb; viii) H-14Ј and H-9Јa, H-9Јb, and H-3Јb; and ix) H-1Ј and H-9Јa. From the above results, the stereochemistry of the cyclopropane ring at C 6 -C 7 and secondary methyl at H-14 was clarified to have the same stereochemistry as compound 1. Furthermore, the CD spectrum of 5 showed first positive (254 nm) and second negative (233 nm) Cotton effects. Taken in light of Geissman's rule, 6, 7) the stereochemistry of the g-lactone at C 12Ј,6Ј was estimated to be a cis-fused lactone.
The reduction of the methyl ester 5 with LiAlH 4 gave a triol 6 as crystals from n-hexane, and its X-ray crystallographic analysis was carried out. The crystal structures were refined on F 2 by the full-matrix least-squares method of SHELX 97. The ORTEP drawing confirmed the relative stereochemistry of 6, as shown in Fig. 5 , although the final R value (structure refinement) did not show sufficient convergence due to the influence of the solvents used for recrystallization. Thus the structure of 2 was established to be an aromadendrane-guaianolide-type sesquiterpene dimer.
Compound 3 has been isolated from Isocoma coronopifolia (Astereae), 8) but the complete 13 C-NMR assignment and the optical rotation have not been mentioned in the literature. Therefore the detailed spectral analysis of 3 was carried out. The 1 H-NMR spectrum of 3 showed an oxygenated methine H and longrange 1 H-13 C correlations of 3 were confirmed by the 1 H-1 H COSY, HMQC, and HMBC spectra, as shown in Fig. 6 . Furthermore, its stereochemistry was observed by the PH-NOESY spectrum (Fig. 6) . Thus the structure of 3 was established to be 5a,8a-epidioxy-6-eudesmene.
Chiloscyphus species contain aromadendrane-, chiloscyphane-, oppositane-, and eudesmane-type sesquiterpenoids and aliphatic 2-enols. 1, 2, [10] [11] [12] The present species also contained aromadendrane-and eudesmane-type sesquiterpenoids. The presence of the aromadendrane-guaianolide dimer is the first recorded in the liverworts. However, the absolute configurations of compounds 1-3 remain to be clarified.
Experimental
Melting points were measured on a Yanagimoto micromelting points apparatus without correction. Optical rotations were measured on a Jasco DIP-1000 polarimeter. IR spectra were recorded on a Jasco FT/IR-5300 infrared spectrophotometer or Shimadzu FTIR 8400S infrared spectrophotometer. UV spectra were recorded on a Shimadzu UV-1650PC UV-visible spectrophotometer. CD spectra were recorded on a Jasco J-725 spectropolarimeter. The Methylation of 2 To a solution of compound 2 (7.5 mg) in Et 2 O (0.5 ml), MeOH (1 ml) and trimethylsilyldiazomethane (1 ml) were added and kept at room temperature for 30 min. The usual work-up afforded monomethyl ester 5 (7.9 mg).
Monomethyl Ester (5) 
